###### Strengths and limitations of this study

-   The large sample size ensures a good power and statistical precision.

-   Sensitivity analysis restricted to women without hysterectomy makes the conclusion more robust.

-   Screening history was measured by self-report, which is less valid compared with medical record review.

-   Lack of a clear temporality and causal relationship.

Introduction {#s1}
============

Cervical cancer is one of the leading gynaecologic cancers impacting women's health in the USA and worldwide. The Surveillance, Epidemiology, and End Results Program has estimated that about 13 000 women are diagnosed with cervical cancer annually in the USA.[@R1] Cervical cancer screening, which includes both cytology and human papillomavirus (HPV) testing, can effectively prevent cervical cancer when coupled with appropriate follow-up and treatment of preinvasive lesions.[@R2] The mortality of cervical cancer was significantly reduced in the USA after the introduction of the Papanicolaou (Pap) test in the 1950s.[@R3] Currently, over two-thirds of US adult women undergo cervical cancer screening regularly.[@R4]

Identification of many barriers and correlates of cervical cancer screening during the last few decades has greatly improved secondary prevention of cervical cancer. It also helped us understand the variation in the patterns of cervical cancer screening across diverse populations defined by demographic and socioeconomic status.[@R5] Moreover, several studies have reported that healthcare-related factors were significantly associated with screening behaviour. For example, health insurance and regular primary care physician visits have been shown to be positively associated with cervical cancer screening in previous research.[@R7] However, there is a paucity of information on how healthcare-related factors may impact cervical cancer screening in US women at a high risk of HIV infection.

Women at a high risk of HIV infection, such as female sex workers (FSW) and intravenous drug users (IDU), can be biologically or socially different from the general population because of their intrinsic high-risk behaviour patterns.[@R10] For example, a study conducted in China found FSW had a higher prevalence of HPV infection compared with the general population (61.9% vs 21.0%, p\<0.01).[@R12] Moreover, women coinfected with HIV and HPV will be more likely to progress to cervical cancer because of the impaired immune surveillance.[@R13] Therefore, early detection is critical for women with behaviour patterns associated with a high risk of HIV infection.

Although some previous studies have investigated associations between healthcare access and uptake of cervical cancer screening,[@R15] those findings may not be applicable to women at a high risk of HIV. Thus, to disentangle the relationship between healthcare access and cervical cancer screening among these women, we conducted a cross-sectional analysis using the 2016 Behavioral Risk Factor Surveillance System (BRFSS) data. In addition, these high-risk women may seek HIV testing services; thus, we treated HIV testing as a special indicator reflecting health services utilisation and included it in the analysis as well.

Methods {#s2}
=======

BRFSS {#s2-1}
-----

BRFSS is a cross-sectional telephone survey initiated in 1984 across the USA which collects resident adults' (≥18 years) self-reported information about health-related behaviours, overall health conditions and use of medical services. Questions in BRFSS received technical review, cognitive testing and field testing before being added to the questionnaire. The BRFSS covers information from all 50 states, the District of Columbia, Puerto Rico, the US Virgin Islands, Guam, American Samoa and Palau. We used data derived from 2016 BRFSS for current analysis. In 2016, computer-assisted telephone interview systems (in both English and Spanish) were used in most of the interviews via landlines or cell phones. In states using in-house surveys, interviewers had received additional training on the BRFSS questionnaire and procedures before the interviews.[@R17]

Study population {#s2-2}
----------------

Based on questions asked in BRFSS, women were treated as being at a high risk of HIV infection if they had one or more of the following behaviours within past year: (1) used intravenous drug, (2) received treatment for a sexually transmitted or venereal disease, (3) gave or received money/drugs in exchange for sex, (4) had anal sex without condom or (5) had four or more sex partners.[@R17] To protect participants' privacy, respondents did not need to report the specific type of behaviour they did. The 2016 BRFSS reported age measured at interview as a categorical variable with certain time intervals; specifically, '18--24 years' and '59--65 years' were treated as individual categories. Thus, we restricted the age range as 25--64 in order to make it lie within the range suggested by US Preventive Services Task Force (USPSTF). For current analysis, women at a high risk of HIV infection who were between 25 and 64 years without missing value of cervical cancer screening, exposure of interest and other covariates were included, which yielded a total of 3448 women.

Patient and public involvement {#s2-3}
------------------------------

Participants were selected as described above and were not involved in the design of this study.

Exposure and outcome of interest {#s2-4}
--------------------------------

Four exposures of interest were included in our analysis. Routine clinical check-up, personal healthcare provider and health coverage were used to represent access to healthcare in the 2016 BRFSS. The question 'About how long has it been since you last visited a doctor for a routine check-up?' was used to measure history of a general physical exam, not an exam for a specific injury, illness or condition. We categorised history of check-up based on time elapsed since last check-up (\<1, 1--\<2, 2--\<5 and ≥5 years ago). Personal healthcare provider was measured by question 'Do you have one person you think of as your personal doctor or healthcare provider?' We categorised this variable as a binary variable (had vs had no provider). Women were treated as having health coverage if they had any type of health insurance, prepaid plans (eg, HMO), government plans (eg, Medicare) or Indian Health Service. The Centers for Disease Control and Prevention (CDC) recommended people at a high risk of HIV infection should undergo HIV testing at least once every year.[@R19] Thus, HIV testing was treated as a categorical variable based on the self-reported information on testing history and time elapsed since the test (test within last year, test \>1 year ago and had no test).

The 2016 BRFSS measured uptake of Pap test, HPV test and time elapsed since last test.[@R17] The following questions were used to measure cervical cancer screening utilisation: (1) 'A Pap test is a test for cancer of the cervix. Have you ever had a Pap test?' (2) 'How long has it been since you had your last Pap test?' (3) 'An HPV test is sometimes given with the Pap test for cervical cancer screening. Have you ever had an HPV test?' and (4) 'How long has it been since you had your last HPV test?' According to the USPSTF screening guidelines at 2016, women with one of the following screening histories were treated as the outcome of interest: (1) 21--65 years and had a Pap test within last 3 years and (2) 30--65 years and had a Pap test within last 5 years combined with an HPV test.[@R20]

Other covariates {#s2-5}
----------------

Age at interview was recategorised by 10-year intervals (25--34, 35--44, 45--54 and 55--64 years). Self-reported race was categorised as white, black and other. Educational background was classified as high school or less, attended college or technical school or graduated from college or technical school. Since previous research reported married people had a stronger feeling of responsibility and obligation to their spouses, screening behaviours could be different between married and unmarried people[@R21]; in our study, women self-reported as never married, divorced, widowed or separated were considered as unmarried. Four lifestyle factors were considered in analysis because they could be indicators of health awareness and associated with health-seeking behaviours and cervical cancer screening.[@R22] Specifically, based on the structure of questionnaire, these factors were categorised and defined as follows: (1) obesity was defined as having a body mass index (BMI) ≥30 kg/m^2^, (2) regular physical exercise was defined as having physical activities or exercises (eg, running, callisthenics, golf, gardening or walking for exercise) during past month,[@R24] (3) heavy drinker was defined as having more than seven drinks per week during the past month[@R25] and (4) self-reported smoking status was treated as never, current and former smoker based on self-reported information. Previous research indicated chronic health problems and overall health condition could be associated with health services utilisation and be barriers to cervical cancer screening.[@R26] The 2016 BRFSS measured eight types of common illnesses which were considered in the analysis: asthma, chronic obstructive pulmonary disease, diabetes mellitus, myocardial infarction, coronary heart disease, stroke, chronic kidney disease and arthritis. Participants self-reported their perceived health condition and it was categorised as a binary variable (poor/fair vs good/very good/excellent). Selection of covariates was based on a priori knowledge.

Statistical analysis {#s2-6}
--------------------

Because we investigated a small proportion of women (\<1%) in the 2016 BRFSS, who could be demographically different from the general population, we used an unweighted analysis to avert bias and imprecision. First, we descriptively summarised the data by reporting the number of observations and percentage for each covariate in overall sample and subpopulation defined by cervical cancer screening utilisation. χ^2^ tests were used to investigate if distributions of these covariates differed by screening utilisation. We also reported the number of observations and distributions of clinical check-up, personal healthcare provider, health coverage and HIV testing for study population. Point estimates and 95% CIs of cervical cancer screening rate were reported for these four factors. Unadjusted logistic regressions were used to calculate crude odds ratio and 95% CI of clinical check-up, personal healthcare provider, health coverage and HIV testing separately. A multivariable logistic regression model included these four factors simultaneously and adjusted for age, race, education, marital status, obesity, physical activity, alcohol consumption, smoking status, comorbidity and overall health condition. Adjusted odds ratios (aORs) and 95% CIs of clinical check-up, personal healthcare provider, health coverage and HIV testing were calculated from the multivariable model. Subgroup analysis by education level (less than college vs at or above college) was conducted because education could impact intention of screening and be a potential effect modifier.[@R24] We generated interaction terms between these four factors and education which were added into the multivariable logistic regression model, and Wald tests were used to investigate if there were significant interactions. A sensitivity analysis was conducted by analysing women who confirmed they did not undergo hysterectomy to examine if association patterns changed significantly compared with the primary multivariable model. For current analysis, two-sided p values \<0.05 were considered to be statistically significant. All statistical analyses were conducted using Stata V.15.0 (StataCorp, LLP, College Station, Texas, USA).

Results {#s3}
=======

A total of 3448 women meeting our selection criteria were included for the analysis ([figure 1](#F1){ref-type="fig"}). Over 80% of the study population (n=2911, 84.4%) underwent appropriate cervical cancer screening. [Table 1](#T1){ref-type="table"} presents the descriptive summary of sociodemographic and health-related characteristics of these women. Overall, over a half were between age 35 and 64 years (57.2%) or white women (74.5%). Women with appropriate cervical cancer screening tended to be younger, have higher education background, be more likely to have regular physical exercise, be non-current smokers and have fewer comorbidities and better overall health status (p values \<0.05). We did not find evidence suggesting marital status, obesity and alcohol consumption were distributed differently by screening history.

![Flowchart of selection of study population. A total of 3448 women at a high risk of HIV infection were included for current study. BRFSS, Behavioral Risk Factor Surveillance System.](bmjopen-2019-031823f01){#F1}

###### 

Study characteristics of women at high risk of HIV infection---2016 BRFSS

  ---------------------------------------------------------------------------------------------------------------------------
                                  Overall\      Had no cervical cancer screening\   Had cervical cancer screening\   
                                  (n=3448)      (n=537 15.6%)                       (n=2911 84.4%)                   
  ------------------------------- ------------- ----------------------------------- -------------------------------- --------
  Age at interview (years)                                                                                           

   25--34                         1477 (42.8)   184 (34.3)                          1293 (44.4)                      \<0.01

   35--44                         913 (26.5)    128 (23.8)                          785 (27.0)                        

   45--54                         658 (19.1)    118 (22.0)                          540 (18.5)                        

   55--64                         400 (11.6)    107 (19.9)                          293 (10.1)                        

  Race                                                                                                               

   White                          2567 (74.5)   411 (76.5)                          2156 (74.1)                      0.06

   Black                          583 (16.9)    73 (13.6)                           510 (17.5)                        

   Other                          298 (8.6)     53 (9.9)                            245 (8.4)                         

  Level of education completed                                                                                       

   High school or less            1129 (32.7)   249 (46.4)                          880 (30.2)                       \<0.01

   Attended college               1056 (30.6)   167 (31.1)                          889 (30.6)                        

   Graduated from college         1263 (36.6)   121 (22.5)                          1142 (39.2)                       

  Marital status\*                                                                                                   

   Unmarried                      2120 (61.5)   331 (61.6)                          1789 (61.5)                      0.94

   Married                        1328 (38.5)   206 (38.4)                          1122 (38.5)                       

  Obesity (BMI ≥30 kg/m^2^)                                                                                          

   No                             2164 (62.8)   332 (61.8)                          1832 (62.9)                      0.63

   Yes                            1284 (37.2)   205 (38.2)                          1079 (37.1)                       

  Regular physical exercise                                                                                          

   No                             819 (23.8)    186 (34.6)                          633 (21.8)                       \<0.01

   Yes                            2629 (76.2)   351 (65.4)                          2278 (78.2)                       

  Heavy drinker                                                                                                      

   No                             2905 (84.3)   448 (83.4)                          2457 (84.4)                      0.57

   Yes                            543 (15.7)    89 (16.6)                           454 (15.6)                        

  Smoking status                                                                                                     

   Never                          1541 (44.7)   189 (35.2)                          1352 (46.5)                      \<0.01

   Current smoker                 1229 (35.6)   270 (50.3)                          959 (32.9)                        

   Former smoker                  678 (19.7)    78 (14.5)                           600 (20.6)                        

  Number of comorbidities†                                                                                           

   0                              1845 (53.5)   258 (48.0)                          1587 (54.5)                      \<0.01

   1                              949 (27.5)    147 (27.4)                          802 (27.6)                        

   ≥2                             654 (19.0)    132 (24.6)                          522 (17.9)                        

  Overall health condition                                                                                           

   Fair or poor                   784 (22.7)    176 (32.8)                          608 (20.9)                       \<0.01

   Good, very good or excellent   2664 (77.3)   361 (67.2)                          2303 (79.1)                       
  ---------------------------------------------------------------------------------------------------------------------------

Women having cervical cancer screening were defined as follows: (1) women aged between 21 and 65 having a Pap test within the last 3 years, (2) women aged between 30 and 65 having a Pap test within the last 5 years accompanied by an HPV test.

\*Women who were never married, divorced, widowed or separated were treated as not married. Married women or unmarried couples were treated as married.

†Eight comorbidities were considered: asthma, COPD, diabetes mellitus, stroke, myocardial infarction, coronary heart disease, chronic kidney disease and arthritis.

‡p value was calculated by χ^2^ test.

BMI, body mass index; BRFSS, Behavioral Risk Factor Surveillance System.

Over two-thirds (68.1%) of these women had their last clinical check-up within the past year and 8.7% had the last checkup ≥5 years ago. Over three-fourths (77.5%) of study participants had personal healthcare providers and most people had health coverage (87.4%). In terms of HIV testing, 70.1% of these women reported having a history of testing; specifically, 34.9% had the test over 1 year ago and 35.2% had the test within last year ([table 2](#T2){ref-type="table"}). Cervical cancer screening rate was higher in women having a recent clinical check-up (checkup \<1 year ago: 88.9% vs checkup ≥5 years ago: 58.1%), having personal healthcare provider (yes: 86.4% vs no: 77.7%), owning health coverage (yes: 86.5% vs no: 70.3%) or undergoing HIV testing (test within last year: 90.6% vs no test: 77.9%). The multivariable model suggested delayed clinical check-up (≥5 years ago vs within last year: aOR: 0.19, 95% CI: 0.14 to 0.26), having no coverage (aOR: 0.60, 95% CI: 0.46 to 0.79) and not undergoing HIV testing (aOR: 0.46, 95% CI: 0.35 to 0.61, compared with test within last year) were inversely associated with cervical cancer screening. However, having a personal healthcare provider was not significantly associated with screening ([table 2](#T2){ref-type="table"}).

###### 

Associations of healthcare access and HIV test with cervical cancer screening in women at a high risk of HIV infection

  -------------------------------------------------------------------------------------------------------------------------------------------------
  Factors                            Overall distribution n (%)   Cervical cancer screening\   cOR and 95% CI (n=3448)   aOR and 95% CI† (n=3448)
                                                                  percentage and 95% CI                                  
  ---------------------------------- ---------------------------- ---------------------------- ------------------------- --------------------------
  Last clinical check-up\*                                                                                               

   \<1 year ago (REF)                2347 (68.1)                  88.9 (87.6 to 90.1)          1                         1

   1--\<2 years ago                  502 (14.6)                   86.3 (83.0 to 89.0)          0.78 (0.59 to 1.04)       0.74 (0.54 to 1.00)

   2--\<5 years ago                  298 (8.6)                    72.5 (67.1 to 77.3)          0.33 (0.25 to 0.44)       0.31 (0.23 to 0.43)

   ≥5 years ago                      301 (8.7)                    58.1 (52.5 to 63.6)          0.17 (0.13 to 0.23)       0.19 (0.14 to 0.26)

  Had personal healthcare provider                                                                                       

   Yes (REF)                         2671 (77.5)                  86.4 (85.0 to 87.6)          1                         1

   No                                777 (22.5)                   77.7 (74.7 to 80.5)          0.55 (0.45 to 0.67)       0.93 (0.72 to 1.20)

  Had healthcare coverage                                                                                                

   Yes (REF)                         3013 (87.4)                  86.5 (85.2 to 87.6)          1                         1

   No                                435 (12.6)                   70.3 (65.9 to 74.5)          0.37 (0.29 to 0.47)       0.60 (0.46 to 0.79)

  Had HIV test                                                                                                           

   Had test within last year (REF)   1215 (35.2)                  90.6 (88.8 to 92.1)          1                         1

   Had test over 1 year ago          1202 (34.9)                  83.8 (81.6 to 85.8)          0.53 (0.42 to 0.68)       0.64 (0.49 to 0.84)

   Had no test                       1031 (29.9)                  77.9 (75.2 to 80.3)          0.36 (0.29 to 0.46)       0.46 (0.35 to 0.61)
  -------------------------------------------------------------------------------------------------------------------------------------------------

Women having cervical cancer screening were defined as follows: (1) women aged between 21 and 65 having a Pap test within the last 3 years, (2) women aged between 30 and 65 having a Pap test within the last 5 years accompanied by an HPV test.

\*The check-up specifically referred to a general physical exam, not an exam for a specific injury, illness, or condition.

†The multivariable logistic regression model included the four factors in table simultaneously and adjusted for age, race, education, marital status, obesity, physical activity, alcohol consumption, smoking status, comorbidity and overall health condition.

aOR, adjusted OR;cOR, crude OR; HPV, human papillomavirus; Pap, Papanicolaou.

A significant interaction was observed between clinical check-up and education level (p interaction=0.04). Particularly, effect measures of delayed clinical check-up were more substantial among women with a higher education level (1--\<2 years ago: aOR: 0.51, 95% CI: 0.29 to 0.89; 2--\<5 years ago: aOR: 0.19, 95% CI: 0.10 to 0.33; ≥5 years ago: aOR: 0.22, 95% CI: 0.11 to 0.42, compared with \<1 year ago). We did not observe evidence suggesting significant interactions for personal healthcare provider, health coverage and HIV testing ([table 3](#T3){ref-type="table"}).

###### 

Associations of healthcare access and HIV test with cervical cancer screening in subgroups defined by education

                                     Less than college level (n=2185)   At or above college level (n=1263)                                       
  ---------------------------------- ---------------------------------- ------------------------------------ ------------- --------------------- ------
  Last clinical check-up\*                                                                                                                       
   \<1 year ago (REF)                1475 (67.5)                        1                                    872 (69.0)    1                     0.04
   1--\<2 years ago                  297 (13.6)                         0.86 (0.60 to 1.24)                  205 (16.2)    0.51 (0.29 to 0.89)    
   2--\<5 years ago                  199 (9.1)                          0.39 (0.27 to 0.57)                  99 (7.8)      0.19 (0.10 to 0.33)    
   ≥5 years ago                      214 (9.8)                          0.18 (0.12 to 0.25)                  87 (6.9)      0.22 (0.11 to 0.42)    
  Had personal healthcare provider                                                                                                               
   Yes (REF)                         1661 (76.0)                        1                                    1010 (80.0)   1                     0.47
   No                                524 (24.0)                         0.98 (0.73 to 1.32)                  253 (20.0)    0.78 (0.48 to 1.27)    
  Had healthcare coverage                                                                                                                        
   Yes (REF)                         1835 (84.0)                        1                                    1178 (93.3)   1                     0.84
   No                                350 (16.0)                         0.58 (0.42 to 0.78)                  85 (6.7)      0.59 (0.30 to 1.15)    
  Had HIV test                                                                                                                                   
   Had test within last year (REF)   818 (37.4)                         1                                    397 (31.4)    1                     0.59
   Had test over 1 year ago          731 (33.5)                         0.62 (0.45 to 0.84)                  471 (37.3)    0.73 (0.41 to 1.31)    
   Had no test                       636 (29.1)                         0.48 (0.35 to 0.66)                  395 (31.3)    0.43 (0.24 to 0.77)    

Multivariable logistic regression model included the four factors in table simultaneously and adjusted for age, race, marital status, obesity, physical activity, alcohol consumption, smoking status, comorbidity and overall health condition.

\*The check-up specifically referred to a general physical exam, not an exam for a specific injury, illness or condition.

†Wald test was used to investigate interaction between factors and education in relation to cervical cancer screening.

aOR, adjusted OR.

We observed inverse and significant effect measures of clinical check-up, health coverage and HIV testing in sensitivity analysis as well (n=2570). The association patterns were similar to those observed in the primary multivariable model ([online supplementary table 1](#SP1){ref-type="supplementary-material"}).
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Discussion {#s4}
==========

Overall, we observed that delayed clinical check-up, living without health coverage and lack of HIV testing were inversely associated with cervical cancer screening among women at a high risk of HIV infection. Having a personal healthcare provider was not independently associated with screening behaviour. Furthermore, we found that the negative impact of delayed clinical check-up was more substantial among women with higher educational background.

The wide definition of high-risk behaviour in BRFSS makes our study population socially diverse and consists of sexually active women (eg, FSW), IDU and people living with HIV. Some studies focusing on such population reported similar outcomes as did ours. An epidemiology study (n=1490) conducted in the USA found HIV-infected women living with Medicaid were less likely to be underscreened for cervical cancer (OR: 0.63, 95% CI: 0.41 to 0.96, compared with uninsured women).[@R30] A study of IDU conducted in Canada (n=297) reported that visiting a family physician in the prior 6 months (OR: 3.10, 95% CI: 1.58 to 6.07) was positively associated with cervical cancer screening.[@R31] Duff *et al* [@R32] studied 611 FSW in Canada and found barriers to accessing healthcare service was inversely associated with cervical cancer screening (OR: 0.81, 95% CI: 0.65 to 1.00). However, these studies have some methodological limitations. For example, these studies have smaller sample sizes, which can induce random error and compromise representativeness. In addition, lifestyle factors (eg, obesity, smoking and physical activity) were not sufficiently considered in statistical analyses of these studies. Since lifestyle factors have been found to be associated with health services utilisation and cervical cancer screening,[@R23] analysis without adjustment for these factors can lead to a substantial bias. These limitations were considered in our study and resolved by using a larger population-based sample and more appropriate statistical methods such as adjustment for multiple lifestyle factors.

Several mechanisms may explain outcomes regarding the associations of clinical check-up, health coverage and HIV testing. Delayed clinical check-up can impede appropriate patient--physician communication and obstruct acquisition of medical knowledge related to cervical cancer prevention, which can finally impede the uptake of screening. For example, an epidemiologic study of 352 Asian women in the USA found that receiving physicians' recommendation was associated with a sevenfold higher likelihood of undergoing cervical cancer screening.[@R34] Lack of healthcare coverage increases financial stress and leads to lower intention to undergo cancer screening,[@R35] which can hinder screening utilisation. Because of the impaired immune homeostasis, HIV-infected women are at a higher risk of HPV infection and cervical cancer development.[@R39] A meta-analysis of 38 studies reported that HIV-infected women had a higher risk of HPV infection (risk ratio (RR): 2.64, 95% CI: 2.04 to 3.42) and cervical cancer incidence (RR: 4.10, 95% CI: 2.30 to 6.60). During the HIV testing procedure, participants can have an opportunity to obtain such knowledge from clinicians, increase the awareness of HIV-related harms and consider undergoing cervical cancer screening. The associations between delayed clinical check-up and cervical cancer screening are stronger among highly educated women, but the underlying reason remains unclear. Based on an epidemiologic perspective, we hypothesised that the obstructive effects of lower educational level on screening would be much stronger than delayed clinical check-up, thus the effect measures for delayed check-up should be less substantial among women with lower educational level. Meanwhile, the heterogeneous association pattern by education suggests shortening routine clinical check-up intervals can better improve screening utilisation among highly educated women.

Our study design and analysis has some strengths. For example, we had a good power due to the large sample size. In addition, we compared estimates in sensitivity analysis with primary analysis, which made the associations in primary analysis more robust. However, the research still has some limitations. First, all of the factors in analysis were measured by self-report approach, which could be less accurate compared with medical record review. Second, we cannot examine whether the association identified is causal because BRFSS is a cross-sectional survey and cannot establish clear temporality. Third, the BRFSS did not provide detailed information related to high-risk behaviours, which makes it impossible to conduct subgroup analysis by specific behaviour patterns and examine internal heterogeneity in this study population (eg, to compare FSW vs IDU). Fourth, since BRFSS is not specifically designed as a survey for cervical cancer prevention and lacks detailed descriptions of screening techniques, women without relevant knowledge regarding cervical cancer might not have answered the question accurately. Fifth, because the study population consisted of predominantly white and insured women, the sample may be less representative of women at increased risk of HIV infection or cervical cancer in the USA.[@R40] Finally, current HIV infection status and antiretroviral therapy (ART) use can be very important correlates of cervical cancer screening among women at a high risk of HIV infection.[@R30] However, the whole 2016 BRFSS sample only contains a small proportion of participants who self-reported as HIV-infected (31 out of 486 303) and there is no question asking for ART use in BRFSS.

The implication of our study is that health practitioners can identify women at a high risk of HIV infection, who are less likely to undergo cervical cancer screening and provide targeted interventions such as risk-based screening. For example, communication with FSW without history of HIV testing about the knowledge of HIV and cervical cancer could help elevate awareness and perceived risk of cervical cancer, which may increase the likelihood of screening utilisation.

In conclusion, our study found delayed clinical check-up, having no health coverage and lack of HIV testing may be potential barriers to cervical cancer screening among women at a high risk of HIV infection. This evidence can help health practitioners establish a more targeted risk-based cervical cancer screening intervention. Future research should establish prospective cohort studies, which have clear temporality, to further disentangle the association of access to healthcare and HIV testing with cervical cancer screening.
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